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Objective 
Summary measures of population 

health are statistics that combine 
mortality and morbidity to represent 
overall population health in a single 
index. Such measures include healthy 
life expectancy, also called disability-
free life expectancy and active life 
expectancy. Healthy life expectancy can 
be calculated using cross-sectional or 
longitudinal survey data. This report 
presents a comprehensive discussion of 
a method for calculating healthy life 
expectancy using data from longitudinal 
surveys. 

Methods 
Healthy life expectancies are 

calculated using the multistate life table 
model. Expected life in various states of 
health is estimated using data from the 
Second Longitudinal Study of Aging 
and the Medicare Current Beneficiary 
Survey to illustrate the calculation of the 
statistics and the discussion of data 
and methodology related issues. 

Results 
The study shows that estimating 

summary measures of population health 
using longitudinal survey data provides 
the opportunity of using incidence 
rather than prevalence rates. Health 
measures estimated based on 
incidence reflect the most recent health 
status of the population. Models that 
use longitudinal survey data measure 
transitions from good to poor health as 
well as poor to good health. That is, the 
models account for recovery from 
morbidity or illness. Longitudinal survey 
data  can also be used to calculate  
healthy or active life expectancies by 
initial health states. 

Keywords: summary measures of 
population health c health states c life 
expectancy c healthy life expectancy 
c active life expectancy c multistate 
life table c Markov chain c 
multinomial logistic regression 
Estimating Healthy Life 
Expectancies Using 
Longitudinal Survey Data: 
Methods and Techniques in 
Population Health Measures 
by Michael T. Molla, Ph.D., Office of Analysis and Epidemiology, and 
Jennifer H. Madans, Ph.D., Office of the Center Director 
Introduction
 

For the populations of the 
industrialized nations of the world, the 
20th century has been a period of both 
demographic and epidemiological 
transitions. In addition to the substantial 
fall in fertility during this period, all 
industrialized countries experienced a 
huge decline in crude death rates and 
infant mortality rates that led to an 
impressive rise in the average 
expectation of life. For example, during 
the first half of the 20th century, the 
average expectation of life at birth in 
the United States for the total population 
increased by nearly 45 percent; from 
47.3 years (46.3 for males and 48.3 for 
females) in 1900 to 68.2 years (65.6 for 
males and 71.1 for females) by 1950, a 
gain of nearly 21 years. In the second 
half of the century, mortality in the 
United States continued to decline, 
though at a much slower rate compared 
with the first half of the century. In the 
period from 1950 to 2000, for example, 
the average expectation of life at birth 
for the total population increased from 
68.2 years to 77.0 years (74.3 for males 
and 79.7 for females), a gain of about 
8.8 years (1). In Japan, from 1950 to 
2000, female life expectancy at birth 
increased by 21 years, whereas male life 
expectancy increased by 17.9 years (2). 
By the year 2000, the estimated 
Japanese average life expectancy was 
77.5 years for males and 84.7 years for 
females (3). 

The substantial gain in life 
expectancy both in the first as well as 
the second half of the century caused a 
dramatic change in the age structures of 
the populations of the industrialized 
countries. The longer average life span 
meant a sharp rise in the population 
aged 65 years and over (referred to as 
the ‘‘older population’’ in this text) as a 
percentage of the total population. There 
was also a sharp rise in noncommuni
cable degenerative diseases and chronic 
conditions largely affecting this older 
population. In the United States, the 
combined effect of these changes has 
encouraged a shift in focus from 
longevity-related issues to preventing 
disability, improving functioning, and 
relieving physical pain and emotional 
distress (4). This also means that 
population health measures need to 
account not only for longevity but also 
for morbidity (5). 

Measures of Health that 
Combine Mortality and 
Morbidity 

The development of health 
measures that take into account both 
mortality and morbidity of the 
population has been a focus of study 
since the 1960s. After Sanders published 
Page 1 
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the results of his research on measuring 
community health levels (6), healthy life 
expectancy estimates were published by 
the U.S. Department of Health, 
Education, and Welfare for the first time 
in 1969 (7). In the late 1960s and early 
1970s, Sullivan (8–10) published articles 
explaining a method of calculating 
healthy life expectancy using a standard 
single-decrement life table and data 
from cross-sectional health surveys. In 
1974, the World Health Organization 
restated the definition of health as ‘‘a 
state of complete physical, mental and 
social well being’’ and recommended 
that person years of life in good health 
be calculated and be compared with the 
total person years of life (11). At about 
the same time, the Organisation for 
Economic Cooperation and 
Development began producing reports 
that included measures of healthy life 
(12). 

In the decades that followed, 
concerns have been expressed about the 
conceptual, methodological, and ethical 
issues related to summary measures of 
health that combine mortality and 
morbidity. Although there is general 
agreement that mortality data alone are 
not sufficient to describe health, the 
conceptual and measurement issues 
associated with mortality are generally 
straightforward and well established. 
This is not the case for measures of 
morbidity or health status. Health status 
is a broad concept that encompasses 
many interrelated dimensions. Morbidity 
and disability are under the general 
umbrella of health status, but there is 
not universal agreement on how they are 
defined. There is even less agreement on 
how they should be measured. This has 
major implications for measures of 
health that combine aspects of health 
status, morbidity, or disability. The 
resulting measures are very dependent 
on how health status is operationalized, 
with different decisions leading to 
different conclusions about the health of 
a population and about changes over 
time and differentials across countries 
and subgroups within countries. The 
health status component of composite 
measures can include survey-based 
responses, single questions asking 
respondents to assess their health, or 
indicators that are constructed by 
combining a person’s characteristics in a 
few or many health domains. Health 
domains can be defined in different 
ways but often include aspects of 
physical functioning, sensory 
functioning, cognitive functioning, 
psychological functioning, pain, and 
fatigue. Great variation exists in the 
domains selected for use and in the 
manner in which information about 
domains is collected. In order to 
combine the individual descriptors into a 
single metric, they must be weighted in 
some manner. Weights that represent 
societal preferences for that health state 
are often used for this purpose. The 
manner in which the preferences are 
determined has raised ethical as well as 
methodologic questions that continue to 
be debated. Given these complexities, a 
user should have a clear understanding 
of how the health metric was developed. 
Measures cannot be interpreted without 
this knowledge. 

Despite the difficulty of 
constructing measures that combine 
mortality and morbidity, such measures 
reinforce the importance of expanding 
the evaluation of health beyond 
mortality. In the United States, these 
measures have also been used to 
investigate possible relationships 
between changes in mortality and 
nonfatal health outcomes in general and 
morbidity in particular. One issue that 
has been debated in great detail is 
whether the factors responsible for the 
reductions in mortality had a similar 
effect on morbidity. Some argued that 
most of the years of life that the older 
population gained due to the decline of 
mortality were healthy years because 
morbidity was being pushed to the last 
few years of life—the compression of 
morbidity (13,14). Others argued that 
the mortality decline observed over the 
past several decades was more the result 
of improvements in health care that 
postponed death rather than disease 
prevention that increased healthy states, 
and therefore the net effect was a rise in 
the proportion of persons with serious 
disability and morbidity, especially at 
later ages (15). 

At the same time, Manton (16) 
introduced the concept of ‘‘dynamic 
equilibrium,’’ in which he argued that 
chronic diseases had become less of a 
problem because deterioration of health 
due to disease had slowed down. He 
also suggested that although the 
decrease in mortality might have given 
rise to an increase in the prevalence of 
chronic diseases, the milder character of 
these diseases might have led to an 
overall better quality of life. The aging 
of the population and the issues related 
to the compression (expansion) of 
morbidity and the interaction of these 
demographic and epidemiological 
phenomena are indicative of the fact 
that the health of a population is 
multidimensional. Although summary 
measures that combine mortality and 
morbidity are useful for characterizing 
the joint trajectories, detailed 
information on mortality and morbidity 
are needed to understand the dynamics 
of population health. 

As pointed out earlier, mortality has 
been declining continuously (though at a 
decreasing rate) over the last several 
decades not only in the economically 
advanced countries, but also in many of 
the developing countries. On the other 
hand, trends in morbidity have not been 
as clear as trends in mortality. In the 
developed countries, trends in morbidity 
have been influenced by the changes in 
the structure of the population due to 
aging as well as the transition from 
communicable diseases or acute 
conditions to degenerative diseases or 
chronic conditions. 

The cumulative effects of these and 
other demographic and epidemiological 
phenomena have been mixed. In the 
United States, for example, expected 
years free of activity limitation among 
the older population varies widely by 
sex and race. At the age of 65 years, on 
average, a white female could expect to 
live longer than a white male of the 
same age. But the percentage of life that 
she expects to spend free of activity 
limitation will be smaller than the 
percentage of life free of activity 
limitation for a white male of the same 
age. On the other hand, a black adult 
male of the same age on average will 
expect to live not only a shorter life, but 
also spend a smaller proportion of his 
shorter life free of activity limitation 
(17). 

According to some health experts, 
these already multifaceted health 
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outcomes will become even more 
complex in the next few decades. With 
an aging population and rapid increase 
of the population aged 85 years and 
over, some health experts argue more 
health disparities by age are going to be 
expected. This is partly due to a cohort 
effect, because younger cohorts entering 
their senior years will be healthier than 
those who have done so before them. 
Also, advances in the pharmaceutical 
industries have helped reduce the effect 
of many chronic conditions among the 
older population. 

Methods 

Methods for Calculating 
Healthy Life Expectancies 

A review of the literature on 
summary measures of population health 
indicates that health measures that have 
been used in almost all low-mortality 
countries and in most other regions of 
the world fall into the following two 
broad categories: measures of health gap 
and measures of health expectancies 
(18). The health gap measure is the 
difference between the actual health of a 
population and a predetermined goal for 
population health. Measures such as 
disability-adjusted life years (DALYs) 
and healthy life years (HeaLYs) fall in 
this category of population health 
measures (19). DALYs comprise years 
of life lost due to premature mortality 
and years lived with disability adjusted 
for the severity of disability (20). 
HeaLYs per 1,000 population per year is 
calculated on the basis of a set of 
components that take into account two 
value judgments about life lived at any 
given age compared with life lived at 
any other age, as well as healthy life 
lost because of premature death or 
disability. The method also discounts 
expectation of life lost in future years at 
a rate of 3 percent per annum. The 
components of the measure include the 
disease incidence rate per 1,000 
population per year, average age at the 
onset of a disease, average age at death, 
expectation of life at age of onset, 
expectation of life at age of death, case 
fatality ratio, extent of disability, and 
average duration of disability for those 
disabled by the disease (21,22). 

Health expectancy is a generic term 
that refers to a collection of measures 
defined in terms of life expectancy in a 
predetermined state of health. This 
category of measures includes healthy 
life expectancy, active life expectancy, 
disability-free life expectancy, 
disease-free life expectancy, and 
impairment-free life expectancy. A 
classification system of health 
expectancies developed by the Network 
on Health Expectancy and the Disability 
Process, also known as Réseau 
Espérance de Vie en Santé (REVES), in 
1994 laid down the concepts and health 
expectancy measures that need to be 
included in such a system. The major 
concepts included in this particular 
system were disease, impairment, 
disability, handicap, and self-perceived 
health (or self-assessed general health). 
The health expectancy measures based 
on these measures were health 
expectancies with or without disease, 
with or without impairment, with or 
without functional limitation, with or 
without activity restriction, with or 
without handicap, and in good or better 
health (23). Each of these measures 
includes both the positive and the 
negative health states, and the sum of 
the complete complementary health 
states is expected to add up to total life 
expectancy. 

Healthy life expectancy, also called 
life expectancy in good health, is the 
average number of years a person is 
expected to live in a health state defined 
as the ‘‘favorable part of the distribution 
of perceived health status’’ (24). Active 
life expectancy measures the number of 
years a person is expected to live 
without restrictions in activities of daily 
living (ADLs) or instrumental activities 
of daily living (IADLs) if current 
patterns of mortality, ADLs, and IADLs 
continue into the future unchanged. 
Disability-free life expectancy (DFLE) 
is the average number of years a person 
is expected to live free of disability if 
current patterns of mortality and 
disability continue to extend into the 
future unchanged. DFLE is 
differentiated into functional limitation-
free life expectancy and activity 
restriction-free life expectancy. Although 
functional limitation is a function of the 
Nagi physical activity status, activity 
restriction is a function of ADLs and 
IADLs. Healthy life expectancy and 
active life expectancy estimates will be 
presented and discussed in more detail 
in this report later. Healthy life 
expectancy is estimated using four 
different methods that make use of 
models that are based on demographic 
and epidemiological concepts and 
assumptions. All four methods are either 
totally or partially dependent on the life 
table technique, and the frequency of 
their use is determined mainly on the 
basis of the kind of data that are 
available. The first method is known as 
the ‘‘prevalence-rate’’ method or the 
‘‘Sullivan method’’ (9). The second 
method, first used by Katz (25), is based 
on the ‘‘multiple decrement’’ life table 
technique. The third is a method that 
uses microsimulation to estimate 
individual healthy life cycle trajectories 
(26), and the fourth is a method known 
as the ‘‘increment-decrement’’ or the 
‘‘multi-state’’ life table technique (27). 

Of the four methods that are used to 
estimate healthy life expectancy or 
expected years of active life, the 
prevalence-rate, or Sullivan method, is 
used most frequently. This is partly 
because the data that are required to use 
the method are abundantly available and 
also because the demographic model 
used in this method is simpler than the 
ones used in the other three methods. 
The prevalence-rate method, originally 
used to calculate expected years of 
working life by labor economists (28), 
was first adapted as a health measure by 
Sullivan (9). The method uses the 
standard single-decrement life table 
technique to estimate life expectancy 
and combines life expectancy values 
with health-related prevalence rates from 
cross-sectional survey data to estimate 
health expectancies, including expected 
years of healthy or active life. 

The details of the Sullivan method 
as a health measure, including the 
underlying assumptions and the input 
data needed to estimate healthy life 
expectancy, are discussed in a previous 
publication (29). The method first uses 
vital statistics data to estimate single
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decrement life table values, assuming 
that current mortality conditions will 
continue into the future unchanged. This 
is followed by the calculation of 
prevalence rates of impairment, disease, 
chronic conditions, or limitations due to 
health problems by age from 
cross-sectional survey data. The 
age-specific prevalence rates are then 
used to divide the ‘‘total life years’’ to 
be lived by the life table population of a 
given age into a state defined as 
‘‘healthy’’ and ‘‘not healthy’’ or 
‘‘active’’ and ‘‘inactive.’’ Healthy life 
expectancy is calculated on the basis of 
the total number of years lived in a 
healthy state. The method also assumes 
that current morbidity conditions will 
continue unchanged into the future. 

The second method uses the 
‘‘multiple-decrement’’ life table model. 
This method was first used by Katz and 
his colleagues to estimate active life 
expectancy using data from the first and 
second waves of the Massachusetts 
Health Care Panel Study (25). They 
used their model to measure changes 
from living in the community and being 
independent in ADLs to being 
dependent in at least one ADL or being 
institutionalized or deceased. They 
proceeded further to estimate what they 
called active life expectancy, or 
‘‘remaining years of independent ADL.’’ 

This method differs from the 
prevalence-rate or Sullivan’s method in 
two ways. First, whereas the prevalence-
rate method calculates active life 
expectancy using a single-decrement life 
table technique, this model calculates 
expected years of active life using the 
multiple-decrement life table technique. 
Second, the prevalence-rate method uses 
health data collected through 
cross-sectional surveys or censuses, 
whereas the model developed by Katz 
and his colleagues estimates active life 
expectancy using longitudinal panel 
data. However, in spite of its use of 
longitudinal panel data, both this 
method and the prevalence-rate method 
assume illness or health status affected 
by morbid conditions as irreversible. 
That is, the possibility of recovery from 
health states affected by morbidity or 
disability does not exist in either of the 
two models. 
The third method was first 
introduced by Laditka and Wolf (26). 
Unlike the other three models, this 
method calculates life expectancies in 
different health states using a model of 
health status transitions and 
microsimulation. The microsimulation 
part of the analytical process is used to 
identify the underlying Markov chain 
that closely replicates the one in the 
actual data. 

Laditka and Wolf summarized the 
method using a model of transition 
processes that occur between discrete 
states in discrete time. The time unit 
used in their model was a month, and 
the actual panel of functional status 
information used was from the 
Longitudinal Study of Aging (LSOA). 
Transition probabilities were calculated 
using a multinomial logistic regression 
with age, race, and education as 
covariates. The unknown parameters of 
the model were estimated through an 
iterative maximization of the 
log-likelihood function. 

Matrices of probabilities were then 
used to simulate monthly functional 
status histories. For each person, the 
simulation of functional status history 
ends at the time of his or her death. 
This process was repeated until a large 
sample of monthly functional status 
histories was estimated. The sex and 
functional status composition of the 
initial cohorts are determined on the 
basis of observed average characteristics 
of persons from actual survey data. 

The key steps of calculating life 
expectancies in the different health 
states include the calculation of health 
state transition probabilities using a 
multinomial logistic regression, the 
estimation of a large sample of health 
status histories using simulation that is 
based on the transition probabilities 
estimated in the first step, the selection 
of a starting age for age of analysis, and 
the selection of actual survey data that 
can serve as the base for the sex and 
health status composition of each 
synthetic cohort at the initial age of the 
analysis. The approach provides an 
approximate distribution of the 
population across health states, the 
length of time spent in each health state, 
the number of health transitions, and the 
distribution of the episodes by the 
duration (length) of the episodes 
(26,30). 

The fourth method used to estimate 
healthy life expectancy uses the 
increment-decrement life table or 
multistate life table technique. This 
approach is different from the first two 
in its underlying assumptions about the 
dynamics of health states. Unlike the 
other two models, which are based on 
the life table technique, this method’s 
underlying assumptions and its use of 
data on incidence of health states makes 
it flexible enough to account for 
recovery from illnesses and other health 
states affected by morbid conditions. 
The model was originally developed by 
demographers to analyze transitions 
between states of life over a person’s 
life course and has been used in various 
areas of social science research. The 
model was used, for example, to analyze 
intergenerational social class transitions 
(31), transitions between different areas 
of residence (26), marital status (32), the 
labor force (33,34), working life (35), 
active life expectancy (36–38), life in 
different health states (39–42), school 
life (43), career change over the life 
course of a cohort (44), obesity, and 
active life expectancy (45). 

The multistate life table model is 
designed to accommodate multiple 
changes of health states. Within each 
age interval, the model also allows 
multiple exits from and reentries into 
any given health state (38). The model 
uses data from two or more waves of a 
longitudinal survey. The data analysis 
begins with the calculation of 
age-specific transition probabilities that 
describe the movements between the 
various transient (nonabsorbing) health 
states and the probabilities of dying (an 
absorbing state) of persons in different 
health states within a given age interval. 
Like the microsimulation approach, the 
model also has the advantage of 
generating life expectancies in different 
health states for the total population or 
population subgroups by their initial 
health states (35). 

Other key characteristics that 
distinguish the multistate life table 
model from the first two include the 
assumptions made about the underlying 
stochastic processes that determine 
transitions between the various health 
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states. These transitions and the 
underlying stochastic processes can be 
analyzed by constructing a Markov 
model that specifies health states and 
state transitions with an underlying 
Markov assumption. In such a model, 
health states are assumed to be mutually 
exclusive and collectively exhaustive, 
and the transition probabilities between 
current and future health states is 
assumed to be independent of previous 
health states. These two sets of 
characteristics jointly define a Markov 
chain. If time intervals between two 
consecutive health states are uniform 
and the transition probabilities are time 
invariant, then the Markov chain is 
characterized as homogenous. Not all 
Markov chains are homogenous. If a 
Markov chain is homogenous, then 
‘‘piecewise-constant transition rates’’ can 
be specified, and duration in each health 
state and life expectancy can be 
calculated using matrix algebra (38,42). 

Although the increment-decrement 
life table model generates life 
expectancies in different health states 
(while at the same time accounting for 
the probability of recovery) and is the 
model of choice for researchers, it has 
not been used as widely as the model 
based on the single-decrement life table. 
This is because the multistate life table 
model is technically more complex, uses 
more stringent underlying assumptions, 
and needs longitudinal survey data that, 
compared with data from cross-sectional 
surveys, are assumed to be more 
expensive and time consuming to collect 
(46). 

However, though the method could 
be used with data from a longitudinal 
survey with several waves, one should 
note that the method could also be used 
with data from a baseline and only one 
follow-up survey. Even more important, 
the multistate method has the advantage 
over the other two life table-based 
methods in that estimates from this 
model are based on ‘‘flows’’ rather than 
‘‘stocks’’ of health states, and healthy 
life expectancies are estimated on the 
basis of incidence rather than health 
prevalence rates. Because incidence-
based estimates reflect more recent 
pictures of health status, such estimates 
(unlike estimates based on prevalence 
rates) can be used to make projections 
about the future health status of the 
population. Incidence and prevalence as 
measures of morbidity are discussed in 
most of the standard epidemiology text 
books including one by Gordis (47) and 
another by Selvin (48). 

Objectives and Contents of 
the Report 

In this study, the method for 
estimating healthy and active life 
expectancy using the multistate life table 
model and data from two longitudinal 
surveys is described. First, data were 
used from LSOA II to estimate life 
expectancy with and without activity 
limitation (active life expectancy), and 
then data were used from the Centers 
for Medicare and Medicaid Services’ 
(CMS) Medicare Current Beneficiary 
Survey (MCBS) to estimate expected 
years in good (healthy life expectancy) 
and poor health. Healthy life 
expectancies, as well as active life 
expectancies, are calculated using a 
personal computer (PC) program called 
IMaCh. The data used for illustrating 
the method and its sources are discussed 
in the following section. The model 
specification is explained under ‘‘Model 
Specification,’’ and the section that 
follows introduces the IMaCh program 
and briefly explains the procedure for 
running it. Illustrative examples of 
active life expectancy and expected 
years of life in good and poor health are 
provided in subsequent sections. Finally, 
the ‘‘Discussion’’ presents a brief 
summary and conclusion of the report. 

Data Sources for 
Illustrating the Method 

The method is illustrated using data 
from two longitudinal surveys. Active 
life expectancy is calculated using data 
from LSOA II, and expected years in 
good and poor health is calculated using 
data from MCBS. LSOA II was a 
collaborative project of the National 
Center for Health Statistics and the 
National Institute on Aging and also was 
financially supported by the U.S. 
Department of Health and Human 
Services’ Office of the Assistant 
Secretary for Planning and Evaluation 
and the Centers for Disease Control and 
Prevention’s National Center for 
Chronic Disease Prevention and Health 
Promotion. The project was a 
multicohort study designed to examine 
changes in the health, functional status, 
living arrangements, and health care 
utilization of Americans aged 70 years 
and over. 

LSOA II was conducted 10 years 
after the first LSOA, and LSOA II 
closely replicates the first LSOA in 
content as well as methodology. LSOA 
II included 9,447 sample persons who 
were 70 years of age and over in 1995. 
The baseline data were collected 
through personal interviews by the staff 
of the U.S. Census Bureau, and the 
follow-up surveys were conducted by 
the National Opinion Research Center at 
the University of Chicago. The baseline 
data source for each sample person for 
LSOA II came from the 1994 National 
Health Interview Survey (NHIS) core 
questionnaire, the Family Resources 
Supplement to the 1994 NHIS, Phase I 
of NHIS on Disability (NHIS-D), and 
Phase II of NHIS-D. The 1994 NHIS 
was a sample survey with complex 
sample design and oversampled persons 
of African American heritage. Finally, 
the baseline LSOA II data included only 
community dwellers and not the 
institutionalized (such as those who 
resided in nursing homes at the time of 
the baseline survey). However, the 
institutionalized persons who resided in 
a nursing, convalescent, or rest home 
were included in the follow-up surveys. 
Data were collected in three waves that 
were about 2 years apart (49). 

The second data used for illustrating 
the method is provided by MCBS, 
which is a longitudinal panel survey that 
is sponsored by CMS. The annual 
sample size is about 12,000 completed 
interviews and includes both community 
dwellers as well as the institutionalized 
population. It is a continuous, 
multipurpose survey of a representative 
sample of the Medicare population. 
Each cohort is interviewed three times a 
year for a period of up to 4 years. 

MCBS follows a rotating panel 
design with one-third of the sample 
replaced each year. The survey includes 
both the aged and disabled Medicare 
enrollees; the oldest old (aged 85 years 
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Figure 1. A schematic presentation of a survey respondent interviewed at baseline and at 
the first follow-up 
and over) and the disabled (aged 64 
years and under) are oversampled. The 
survey focuses on issues such as health 
care use and expenditures and ability to 
pay. The survey also includes data on 
demographic characteristics, health and 
functioning status, access to care, and 
insurance coverage. Data on the health 
status of respondents are collected every 
year in the September–December round 
(50,51). 

Data on age, sex, date of birth, date 
of death (for decedents), date and health 
status at first interview, and date and 
health status at the second interview 
were selected from each of the data sets. 
However, the health component measure 
chosen from the first data source is 
different from the health component 
measure selected from the second one. 
A measure of nonfatal health outcome 
based on ADLs was chosen for the 
analysis based on the LSOA II data, and 
self-assessed (or self-reported) health 
was chosen for the analysis based on the 
MCBS data. The analysis based on the 
MCBS data also included additional 
information on level of education. The 
questions on ADLs from LSOA II data 
and on self-assessed health from the 
MCBS data are presented in Appendix I. 
There was no designated reason for 
choosing the type of nonfatal health 
outcome from each of the two data sets. 
Because these measures are being used 
only for illustrative purposes, the 
measure based on ADLs could have 
been chosen from the MCBS data and 
the measure based on self-assessed 
health from the LSOA II data. 

The responses to the set of 
questions on ADLs and self-assessed 
health were recoded for the analysis. 
Because of the recode, ‘‘activity 
limitation’’ is defined as having 
difficulty in at least one of the following 
six ADLs: bathing, dressing, eating, 
moving in and out of a bed or a chair, 
walking, or using the toilet. The recoded 
nonfatal health outcome measure of 
being in ‘‘good or better health’’ stands 
for being in good, very good, or 
excellent health, and the recoded ‘‘poor 
health’’ includes survey respondents who 
were in poor or fair health. 
Model Specification 
The application of the multistate life 

table model in the estimation of healthy 
and active life expectancies is illustrated 
using a three-state model specification. 
The model assumes that respondents 
were asked the same question about 
their health status twice, once at the 
time of the first interview (such as a 
baseline survey) and again at the time of 
the second interview (such as a 
follow-up survey) about a year later. For 
a respondent of age x at the first 
interview, the age, time of interview, 
and health status at each of the two 
interviews can be presented 
schematically, as shown in Figure 1. 

The three states and the possible 
health transitions between the two 
interviews are schematically presented 
in Figure 2. In the first example, health 
state one includes those who are without 
any activity limitation. Those who have 
activity limitation are included in health 
state two. In the second example, health 
state one includes those who are in good 
health, and those who are in poor health 
are included in health state two. In each 
of the two examples, those who die 
between time (t) and time (t + 1) end up 
in state three. In each example, the first 
two states are transient and persons may 
therefore move from one health state to 
the other between the two interviews. 
That is, transitions are assumed to take 
place back and forth between the 
following: good or better health and 
poor health, being free of activity 
limitation and being limited (π12 and 
π21), good health or poor health and 
death, and states with or without activity 
limitation and death (π13 and π23). 
Transitions from death to good or poor 
health or to active or inactive life (π31 
and π32) are not possible because death 
is an absorbing state. 

On the basis of this model, health 
transition probabilities are stated as 
follows: 

p ij = pr (STATUSt + 1 = j | STATUSt = i) 
i = 1, 2, and  j = 1, 2, 3  

That is, the probability of occupying a 
health state j at time (t + 1) depends on 
the health state i occupied at time (t). In 
the first example, at time (t), if STATUS 
equals 1, then health status is defined as 
being free of activity limitation, and if 
STATUS equals 2, health status is 
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Figure 2. Health states and transitions across states: A three-state model 
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defined as having activity limitation. At 
time (t + 1), STATUS equals 1 and 
STATUS equals 2 are still defined the 
same way, and STATUS equals 3 stands 
for death. 

The annual health transition 
probabilities for the model showing all 
the possible transitions can be arranged 
in a 3 by 3 matrix and presented as 
follows: 

[ ]11 12 13 p p pn x n x n x 
21 22 23 p p pn x n x n x 

p = n x 0 0 1 

where, p is the health transition 
probability, x is age, and n is 1 year. 
The superscripts indicate the various 
health statuses where 1 equals without 
activity limitation, 2 equals with activity 
limitation, and 3 equals death. Because 
transitions from death (STATUS equals 
3) to STATUS equals 1 or STATUS 
equals 2 are impossible, in the third row 
of the matrix, p31 = p32 = 0 and n x n x 

n px
33 = 1 because death is an absorbing 

state. 
At each age, health state transition 
probabilities are estimated using a 
multinomial logistic regression of the 
form (52) 

[ ]
where, p is the health transition 
probability, i is the health state at time 
(t), and j is the health state at time (t + 
1). 

The IMaCh Program 
IMaCh is a computer program that 

makes use of maximum likelihood and 
the interpolation of Markov chains. The 
program was developed by the Intstut 
National d’Etudes Démographiques 
(INED) in Paris (53), and it is jointly 
sponsored by INED and Euro-REVES 
(other similar computer programs have 
been developed by Hayward (54), 
Laditka and Wolf (26), and Lynch and 
Brown (55)).The computer program is 
designed to estimate parameters of 
transition probabilities between an initial 
and final health status in accordance 
with the health models, such as the ones 
presented in this report. The input data 

ij1n 
p

= β + β Age,p ij0 ij1
ii
includes dates of birth and death, dates 
and health statuses at each interview, 
and covariates that are considered key to 
the analysis. The program outputs 
numerous estimates in the form of tables 
and figures, and all the outputs are 
saved in hypertext files (56). 

IMaCh is a freely distributed 
program and runs on Linux or Windows 
NT or XP. The program is designed to 
calculate probabilities of transitions 
from one health state to another and 
vice versa. The program calculates total 
life expectancy and life expectancies in 
different health states as well as the 
standard errors of the estimated life and 
healthy life expectancies. The program 
provides the researcher with the option 
of data stratification and using or not 
using sample survey weights, but it does 
not account for some aspects of survey 
design such as clustering. This could be 
accomplished using different statistical 
approaches or statistical packages. 
Available statistical packages include 
SUDAAN (57) and WesVarPC (58)). 
The program has an option of including 
covariates through a multinomial logistic 
regression. The program adjusts for data 
with delays between interviews or 
missing values using interpolation or 
extrapolation, and it outputs both 
population and status life table 
estimates. 

Another important feature of the 
program is its capability of calculating 
health transition probabilities using a 
new method first introduced by Laditka 
and Wolf (26). Because of this 
capability, the program can be used to 
calculate transition probabilities by 
partitioning longitudinal survey intervals 
into subintervals. That is, the program 
can be used to calculate transition 
probabilities for an interval longer than 
a year, exactly 1 year (12 months), or 
shorter than a year. To date, the program 
has been used for the following: to 
estimate health expectancies using data 
from the first LSOA (56); to estimate 
disability-free life expectancy of the 
older French population (59); to 
demonstrate the use of retrospective 
health information in longitudinal 
studies (60); to study the impact of 
obesity on active life expectancy in the 
older American population (45); to study 
the influence of education on 
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Table A. Estimated parameters and standard errors of activity status transitions for white 
males aged 70 years and over: United States, 1997–2000 

Variable 

Destination 
Origin state state Constant SE Age SE 

Active  . . . . . . . . . . . . .  Inactive †–8.39 1.21 †0.09 0.02 
Active  . . . . . . . . . . . . .  Death  †–10.35 1.71 †0.12 0.02 
Inactive . . . . . . . . . . . .  Active  †5.49 1.97 †–0.09 0.03 
Inactive . . . . . . . . . . . .  Death  †–7.06 1.33 †0.08 0.02 
Log likelihood . . . . . . . .  .  .  .  3,335.59 . . . . . . . . . 

† t greater than 1.96. 

. . .Category not applicable. 

NOTES: Estimates are based on weighted data. SE is standard error. 

SOURCE: CDC/NCHS, The Second Longitudinal Study of Aging. 
disability-free life expectancy among the 
older Italian population (61); to estimate 
active life expectancy in people with 
and without diabetes (62); to estimate 
socioeconomic status differentials in 
active life expectancy among the older 
population in Beijing (63); to investigate 
educational differences in the dynamics 
of disability incidence, recovery, and 
mortality (64); and to study the effect of 
obesity on disability compared with 
mortality (65). 

Running IMaCh 

IMaCh is designed to run using 
information on two files that are saved 
in a user-created subdirectory. The first 
is a data file and the second is a 
parameter file. The data file includes the 
formatted IMaCh input data in a text 
format. The parameter file contains 
information that enables IMaCh to relate 
the specification of the model and the 
location of the input data file. A sample 
table with formatted IMaCh input data, 
including a brief explanation of the 
characteristics of the formatted data, is 
given in Appendix II. A discussion of 
the parameter file is given in Appendix 
III. A copy of the parameter file is also 
given in this appendix. 

Because IMaCh is a PC-based 
program, the time needed to run IMaCh 
jobs depends mainly on the size of the 
data and the type of PC used. Most of 
the time, each run may take from a few 
minutes to about an hour. In general, the 
larger the size of the data set or the 
greater the number of covariates 
included in the analysis, the more time 
the job will take to run. Also, a PC with 
larger memory and a higher processing 
speed will run the job faster. 

Once IMaCh starts running, it 
creates one folder and log files 
containing hypertext documents and 
outputs them to the subdirectory where 
the parameter file resides. The log files 
created at each run hold detailed 
information about the run and figures of 
various parameters plotted by the 
program. The folder created by the 
program holds several more files of 
tables and figures. All the tables are 
saved in hypertext files. IMaCh outputs 
provide both first- and second-moment 
estimates. 
Expected Years With 
and Without Activity 
Limitation 

Outputs of IMaCh include the 
estimated parameters of status transition. 
The estimated parameters of activity 
status transition using white males in the 
United States aged 70 years and over as 
an example are presented in Table A. 
The only covariate that is included to 
estimate the transition probabilities is 
age. All the parameters are significant at 
the 0.05 level of significance. At each 
age, transition probabilities for mortality 
or activity limitation are calculated 
using these parameters. 

Total life expectancy and expected 
years with and without activity 
limitation are calculated based on the 
probabilities of health transitions. 
Activity limitation is defined as having 
difficulty in at least one of the following 
six ADLs: bathing, dressing, eating, 
moving in and out of a bed or a chair, 
walking, or using the toilet. 

Table B presents total life 
expectancy and expected years of life 
with and without activity limitation 
using white males as an example for the 
years 1997–2000. The standard errors of 
the estimated life expectancies are given 
in parentheses. Total life expectancies 
and expected years in each health state 
are calculated using weighted data. The 
estimates indicate that in the period 
1997–2000, if mortality and activity 
limitation-causing conditions remained 
unchanged, an average white male 70 
years of age would expect to live a total 
of about 13 years. He would expect to 
live 8 of the 13 years free of any 
activity limitation, whereas he would 
expect to live nearly 5 of the 13 years 
with limitation in at least one of the six 
ADLs. On the other hand, under the 
same mortality and activity limitation-
causing conditions, a white male aged 
95 years would expect to live about 2.8 
years, of which more than 80 percent 
would be with activity limitation. 

Expected Years in 
Good and Poor Health 

Expected years in good or better 
health and expected years in fair or poor 
health (hereafter referred to as expected 
years in good health and expected years 
in poor health) for females in the United 
States aged 70 years and over with and 
without college education are calculated 
using the MCBS data for the period 
2001–2002. The parameters presented in 
Table C are estimated using the 
following model. 

[ ]
where, p is health transition probability, 
i is health state at time (t), and j is 
health state at time (t + 1). Level of 
education is coded as 1 for those with 
some years of college education and 0 
for those with lower than college 
education (including those with no 
education). 

Some of the parameters in Table C 
are significant at the 95 percent level, 
whereas some are not. Compared with 

ij1n 
p

p = β
ij 0

+ β
ij1 

Age + βij 2 Education, 
ii
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Table B. Total life expectancies and expected years with and without activity limitation and 
standard errors for white males aged 70 years and over, by age: United States, 1997–2000 

Expected years 

Total life Without activity With activity 
Age expectancy SE limitation SE limitation SE 

70. . . . . . . . . . .  13.1  0.4  8.2  0.4  5.0  0.3 
  
75. . . . . . . . . . .  9.9  0.3  5.3  0.3  4.6  0.3 
  
80. . . . . . . . . . .  7.2  0.3  3.2  0.2  4.0  0.3 
  
85. . . . . . . . . . .  5.2  0.3  1.7  0.2  3.5  0.3 
  
90. . . . . . . . . . .  3.8  0.3  0.9  0.2  2.9  0.3 
  
95. . . . . . . . . . .  2.8  0.3  0.4  0.2  2.4  0.3 
  

NOTES: Estimates are based on weighted data. SE is standard error. 

SOURCE: CDC/NCHS, The Second Longitudinal Study of Aging. 

Table C. Estimated parameters and standard errors of health status for females aged 70 
years and over: United States, 2001–2002 

Variable 

Origin state 
Destination 

state Constant SE Age SE Education SE 

Good health . . . . . . . . .  
Good health . . . . . . . . .  
Poor health . . . . . . . . . .  
Poor health . . . . . . . . . .  

Poor  health 
Death  

Good  health 
Death  

†–5.38 
†–14.45 

–0.55 
†–9.06 

0.65 
1.27 
0.87 
3.66 

†0.05 
†0.14 

†-0.03 
†0.10 

0.01 
0.01 
0.01 
0.01 

†–0.55 
–0.23 
–0.22 
–0.11 

0.12 
0.22 
0.18 
0.10 

Log likelihood . . . . . . . .  .  .  .  5,899.47 . . . . . . . . . . . . . . . 

† t greater than 1.96. 

. . . Category not applicable. 

NOTES: Level of education: 0 is no college education, 1 is at least some college education. SE is standard error. 

SOURCE: Centers for Medicare and Medicaid Services, Medicare Current Beneficiary Survey. 

SOURCE: Centers for Medicare and Medicaid Services, Medicare Current Beneficiary Survey. 
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Figure 3. Probabilities of transition from good to poor health and vice versa, by level of 
education: Females, 2001–2002 
level of education, age is a stronger 
determinant of transition from one 
health state to another. The transition 
probabilities from good to poor health 
and back by level of education using 
females as an example are shown in 
Figure 3. The transition probabilities 
from each health status to death for each 
educational group are presented in 
Figure 4. As would be expected, the 
transition probabilities from good health 
to poor health and from each health 
status to death increase with age, and 
the transition probabilities from poor 
health to good health decrease with age. 

The estimated total life expectancy, 
expected years in good health, and 
expected years in poor health stratified 
by level of education for the same 
sample at selected ages are presented in 
Table D. As is expected, the results 
show health disparities by education 
both in terms of total life expectancy as 
well as expected years in good health. 
On average, if mortality and the way 
people assess their own health are 
assumed to remain unchanged, a female 
70 years of age with at least 1 year of 
college education would expect to live 
nearly 17 years more, whereas a female 
of the same age but with no college 
education would expect to live 15.5 
years more. In terms of healthy life 
expectancy, the average female 70 years 
of age with some college education 
would expect to spend about 13.5 years 
in good health, whereas an average 
female of the same age but without any 
college education would expect to spend 
about 11.2 years in good health. An 
average female aged 70 years and 
without any college education would 
also expect to spend 4.3 years in poor 
health, which would be about 
eight-tenths of a year more than the 
time that an average female aged 70 
years with at least 1 year of college 
education would expect to spend in poor 
health. Similar health disparities 
between age cohorts with and without 
college education persist in all the other 
ages as well. 

In addition to calculating life 
expectancies, expected years in good 
health, and expected years in poor 
health for the total population, the 
IMaCh program also calculates expected 
years in good health and expected years 
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SOURCE: Centers for Medicare and Medicaid Services, Medicare Current Beneficiary Survey. 

0.00 

0.05 

0.10 

0.15 

0.20 

0.25 

0.30 

0.35 

0.40 

70 75 80 85 90 95 
Age 

P
ro

b
ab

ili
tie

s 

Poor health to death 
(no college education) 

Good health to death 
(with college education) 

Poor health to death 
(with college education) 

Good health to death 
(no college education) 

Figure 4. Probabilities of transition from good or poor health to death, by level of 
education: Females, 2001–2002 

Table D. Total life expectancies, expected years in good and poor health, and standard 
errors, for females aged 70 years and over, by level of education and age: United States, 
2001–2002 

Total life Without activity With activity 
Age expectancy SE limitations SE limitation SE 

At least 1 year of college education
 

70. . . . . . . . . . . . . . . . . . . . . . . 
  
75. . . . . . . . . . . . . . . . . . . . . . . 
  
80. . . . . . . . . . . . . . . . . . . . . . . 
  
85. . . . . . . . . . . . . . . . . . . . . . . 
  
90. . . . . . . . . . . . . . . . . . . . . . . 
  
95. . . . . . . . . . . . . . . . . . . . . . . 
  

No college education
 

70. . . . . . . . . . . . . . . . . . . . . . . 
  
75. . . . . . . . . . . . . . . . . . . . . . . 
  
80. . . . . . . . . . . . . . . . . . . . . . . 
  
85. . . . . . . . . . . . . . . . . . . . . . . 
  
90. . . . . . . . . . . . . . . . . . . . . . . 
  
95. . . . . . . . . . . . . . . . . . . . . . . 
  

17.0  0.9  
13.2  0.8  
9.8  0.7  
7.1  0.6  
4.9  0.5  
3.4  0.4  

15.5  0.5  
11.9  0.4  
8.8  0.3  
6.3  0.3  
4.4  0.3  
3.0  0.3  

13.5  
10.1  

7.3  
5.1  
3.4  
2.2  

11.2  
8.3  
5.9  
4.0  
2.7  
1.7  

0.5 3.5 0.4 
0.7 3.0 0.4 
0.6 2.5 0.3 
0.5 2.0 0.3 
0.4 1.5 0.2 
0.3 1.1 0.2 

0.4 4.3 0.2 
0.3 3.6 0.2 
0.3 2.9 0.2 
0.3 2.3 0.2 
0.2 1.7 0.2 
0.2 1.3 0.2 

NOTE: SE is standard error. 

SOURCE: Centers for Medicare and Medicaid Services, Medicare Current Beneficiary Survey. 
in poor health by initial health status. 
Expected years in good health and 
expected years in poor health by initial 
health status and level of education for 
the same sample of females at selected 
ages are presented in Table E. At each 
level of education, initial health is 
another important source of disparities 
both in expected years in good health as 
well as expected years in poor health. 
This is true at each age and at each 
level of education. Assuming that 
mortality and health conditions remain 
unchanged, an average female 70 years 
of age with college education who was 
in good health would expect to spend 
nearly 13.9 years in good health and 
only about 3.3 years in poor health. A 
female 70 years of age with the same 
level of education but who was in poor 
health would expect to spend only about 
10.6 years in good health and more than 
4.8 years in poor health. 

Initial health status was also a cause 
for similar expected health disparities 
among the older female population 
without college education. If mortality 
and health conditions remain unchanged, 
an average female 70 years of age 
without college education and who was 
in good health would expect to spend 
about 11.7 years in good health and 
about 4.1 years in poor health. A female 
70 years of age with the same level of 
education but who was in poor health 
would expect to spend slightly more 
than 9 years in good health but more 
than 5 years in poor health. Again, 
disparities clearly existed at all the ages 
and at both levels of education, within 
the group in good health and the group 
in poor health (as shown in Table E). 

Discussion 

Summary and Conclusion 
The main purpose of this statistical 

report is to introduce the reader to a 
method of estimating healthy or active 
life expectancy using longitudinal 
survey data. Healthy and active life 
expectancies are two of the population 
health expectancy measures that 
incorporate mortality and morbidity. 
Population health measures such as 
healthy or active life expectancy can be 
calculated using data from longitudinal 
or cross-sectional surveys. 

Given the choice, population health 
measures based on longitudinal survey 
data are preferable to population health 
measures based on cross-sectional 
surveys. Data from longitudinal surveys 
are preferred because such data provide 
information on changes in the health 
status of the population in the recent 
past. Such information about the 
population is the most appropriate 
information needed for forecasting the 
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Table E. Expected years in good and poor health and standard 
years and over, by initial health status, level of education, and 
2001–2002 

errors, for females 
age: United States, 

aged 70 

Initial health status 

Good health Poor health 

Age 
Good 
health 

Poor Good Poor 
SE health SE health SE health SE 

70 .
75 .
80 .
85 .
90 .
95 .

70 .
75 .
80 .
85 .
90 .
95 .

With at least 1 year of college education
 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . .

With no college education
 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . .  13.9  

. . .  10.7  

. . .  7.9  

. . .  5.7  

. . .  4.0  

. . .  2.7  

. . .  11.7  

. . .  8.9  

. . .  6.5  

. . .  4.6  

. . .  3.2  

. . .  2.2  

0.8  
0.7  
0.6  
0.5  
0.4  
0.3  

0.4  
0.3  
0.3  
0.2  
0.2  
0.2  

3.3  
2.8  
2.3  
1.8  
1.3  
1.0  

4.1  
3.4  
2.7  
2.1  
1.6  
1.1  

0.9  
0.8  
0.6  
0.5  
0.4  
0.3  

0.5  
0.3  
0.3  
0.2  
0.2  
0.2  

10.6  
7.5  
5.0  
3.2  
1.9  
1.1  

9.3  
6.5  
4.4  
2.8  
1.7  
1.1  

0.4  
0.3  
0.3  
0.2  
0.2  
0.2  

0.2  
0.2  
0.2  
0.2  
0.2  
0.1  

4.8  
4.1  
3.3  
2.6  
2.0  
1.5  

5.2  
4.3  
3.4  
2.7  
2.0  
1.5  

0.5 
  
0.4 
  
0.3 
  
0.3 
  
0.3 
  
0.2 
  

0.3 
  
0.2 
  
0.2 
  
0.2 
  
0.2 
  
0.1 
  

NOTE: SE is standard error. 

SOURCE: Centers for Medicare and Medicaid Services, Medicare Current Beneficiary Survey, 
future health of the population. 
Estimating healthy or active life 

expectancy using longitudinal survey 
data has also a model-related advantage. 
Healthy or active life expectancy 
estimated using cross-sectional survey 
data is partially based on a standard 
single-decrement life table. The model 
assumes that health-related events are 
irreversible. But in reality, during a 
given period of time such as a year, 
entering and going out of a given health 
state may happen frequently. Hence, any 
health expectancy model has to account 
not only for transitions from good to 
poor health or active life to life with 
activity limitation, but also for 
transitions from poor to good health or 
from life with limitation to life without 
activity limitation. A model that uses 
longitudinal survey data has the 
advantage of measuring health 
transitions in both directions. That is, 
the method has the advantage of 
accounting for possible recoveries or 
transitions from poor health to good 
health. 

However, health expectancies are 
estimated using longitudinal survey data 
less frequently, despite the key 
advantages health expectancies 
estimated using longitudinal data have 
over health expectancies that are 
estimated using cross-sectional survey 
data. The two most often mentioned 
reasons for this relate to the 
unavailability of data and the difficulties 
of the technique underlying the 
estimation method (38,66). Cross
sectional survey data are abundantly 
available in all the developed and many 
developing countries. On the other hand, 
longitudinal surveys are scarce even in 
the United States (67). The small 
numbers of longitudinal surveys that are 
available include only the older 
population. The reason for the scarcity 
of longitudinal survey data according to 
some is that such data are expensive and 
time consuming to collect (46). 
However, others suggest that collecting 
data through a follow-up survey about 
the persons that participated in a 
baseline survey is neither more difficult 
nor more expensive than collecting data 
based on two separate cross-sectional 
surveys. An empirical study that has 
assessed the relative costs of cross-
sectional and longitudinal surveys has 
shown that sometimes longitudinal 
surveys might be less expensive than 
repeated cross-sectional surveys (68). 

The second most often mentioned 
reason for estimating health 
expectancies using cross-sectional 
survey data is that models that account 
for recovery from morbidity or illness 
are more complex and are based on 
more difficult underlying assumptions. 
With the advent of powerful computers, 
such model-related problems are solved 
by computer programs such as IMaCh. 
IMaCh is a PC-based program that is 
designed to calculate probabilities of 
transitions from one health state to 
another and vice versa. The program 
calculates total life expectancy and life 
expectancies in different health states 
with their standard errors. The program 
provides the researcher the options of 
stratification, using sample survey 
weights, and including covariates 
through a multinomial logistic 
regression model. The program adjusts 
for data with delays between interviews 
or missing values using interpolation or 
extrapolation, and it outputs both 
population and status-based life table 
estimates. 

The program can be used with 
longitudinal survey data at the national, 
state, or local level and for public health 
as well as clinical studies. Healthy life 
expectancy can be estimated using data 
from at least two waves of a 
longitudinal survey or data from a 
baseline and one follow-up survey. For 
public health studies, data could be 
collected through continuous 
longitudinal panel surveys with a 
rotating panel design (MCBS) or 
through longitudinal surveys without 
rotating panel design at an interval of 5 
or 10 years (LSOA I and II). When 
resource constraints make using one of 
these methods difficult, data could be 
collected based on a cross-sectional 
survey followed by a single follow-up at 
a time, and this can be repeated as soon 
as more resources are available. Also, 
when the time interval between two 
consecutive waves of a longitudinal 
survey or the time between a baseline 
and a follow-up survey is longer than a 
year, health transition probabilities can 
be calculated for each month separately 
and annual health transition probabilities 
can be aggregated based on 12 monthly 
probabilities. 
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Appendix I
 

Questions About Activities 
of Daily Living From the 
Second Longitudinal Study 
of Aging (LSOA II) and 
About Self-Assessed Health 
from the Medicare Current 
Beneficiary Survey 
(MCBS) Questionnaires 

Questions about activities of 
daily living from LSOA II 

[Respondents were asked to circle 1 or 
2.] 

18a. Because of a health or physical 
problem, do you have any difficulty 
bathing or showering? 

Yes . . . . . . . . . .1 
  
No  . . . . . . . . . . 2 
  

18b. Because of a health or physical 
problem, do you have any difficulty 
dressing? 

Yes . . . . . . . . . .1 
  
No  . . . . . . . . . .2 
  

18c. Because of a health or physical 
problem, do you have any difficulty 
eating? 

Yes . . . . . . . . . .1 
  
No  . . . . . . . . . .2 
  

18d. Because of a health or physical 
problem, do you have any difficulty 
going in and out of bed or chairs? 

Yes . . . . . . . . . .1 
  
No  . . . . . . . . . .2 
  
18e. Because of a health or physical 
problem, do you have any difficulty 
walking? 

Yes . . . . . . . . . .1 
  
No  . . . . . . . . . .2 
  

18f. Because of a health or physical 
problem, do you have any difficulty 
using the toilet, including getting to the 
toilet? 

Yes . . . . . . . . . .1 
  
No  . . . . . . . . . .2 
  

Question about self-assessed 
health from MCBS 

In general, compared to other 
people (your/sample person’s) age, 
would you say that (your/his/her) health 
is 

[1] Excellent 
[2] Very good 
[3] Good 
[4] Fair or 
[5] Poor? 
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00695525 1 1 1 5/1892 12/2001 8/2001 2 99/9999 3 
00509374 1 1 1 1/1896 12/2001 99/9999 2 99/9999 3 
00570976 1 1 1 4/1896 99/9999 10/2001 1 11/2002 2 
00705029 1 1 1 9/1897 9/2002 12/2001 2 3/2002 3 
00567926 1 1 1 11/1898 99/9999 9/2001 1 10/2002 2 
00547312 1 1 1 4/1899 99/9999 10/2001 1 9/2002 2 
00559692 1 1 1 2/1899 99/9999 11/2001 1 99/9999 -1 
00636532 1 1 1 8/1899 99/9999 9/2001 2 9/2002 1 
00699311 1 1 1 8/1899 7/2002 11/2001 1 3/2002 3 
00492980 1 1 1 10/1900 99/9999 10/2001 1 99/9999 -1 

Figure II. Illustrative example of data in IMaCh input data format 
Appendix II
 

Data Format 
The data needed to calculate life 

expectancies in the various health states 
using IMaCh include the identification 
number of a sample member, date of 
birth, date of death (for decedents), date 
of first interview, heath status at the 
time of first interview, date of the 
follow-up survey, health status at the 
time of the follow-up survey, sample 
weight, and covariates such as sex, race, 
and level of education. Although the 
sample weights and the covariates are 
optional, all the other variables are 
required. Because the minimum length 
of an interval the program uses to 
calculate transition probabilities is 1 
month, only month and year are 
required for the various dates. 
Regardless of the inclusion of the 
optional variables, the program requires 
the input data to be presented in a 
specific format. The following data with 
10 records will be used to explain the 
format of the IMaCh input data. 

The data in Figure I include 10 
records and 10 fields. The fields 
included in the data are personal 
identification number, sex, level of 
education, sample weight, date of birth, 
date of death (for decedents), date of 
first interview, health status at first 
interview, date of second interview, and 
health status at the time of the second 
interview. The data indicate that of the 
10 survey participants, 4 died between 
the first and the second interviews and 2 
respondents did not participate in the 
second interview. Note that all the dates 
00695525 1 2 1378 
00509374 2 1 1654 
00570976 2 3 1824 
00705029 1 2 1697 
00567926 1 1 2094 
00547312 2 1 1900 
00559692 2 3 1672 
00636532 2 3 1493 
00699311 2 2 1613 
00492980 1 1 1356 

Figure I. Illustrative example of health data from
in these data are given in the SAS date 
format ‘‘date9.’’ 

The data presented in Figure II are 
the same as in Figure I. However, the 
data in Figure II are formatted as IMaCh 
input data. The formatting changed the 
way the various dates are presented. In 
Figure I, the dates included the day, 
month, and year. In Figure II, the dates 
included only the month and year 
separated by a slash. The months, which 
were given in three-letter character 
format in Figure I, are changed to 
months in numeric format in Figure II. 
The other highly visible change due to 
formatting is the way missing values are 
presented. In the IMaCh input data, a 
month with a missing value must be 
recoded as ‘‘99,’’ a year with a missing 
value as ‘‘9999,’’ and health status with 
a missing value as ‘‘-1.’’ 

The data in Figure II are also 
formatted to fit the model. In the input 
data, the sequence of the fields is very 
important. Each field has to be separated 
from the next by a blank space. The 
first field is for the personal 
identification number. The next two 
fields are for covariates such as sex and 
level of education. These are followed 
by the field for the sample weight, 
13MAY1892 02DEC2001 22AUG2
12JAN1896 24DEC2001 . 
06APR1896 . 03OCT2
07SEP1897 11SEP2002 11DEC2
03NOV1898 . 18SEP2
17APR1899 . 15OCT2
21FEB1899 . 01NOV2
14AUG1899 . 17SEP2
20AUG1899 14JUL2002 05NOV2
04OCT1900 . 10OCT2

 the baseline and follow-up surveys 
which is followed by the field for date 
of birth. The next two fields stand for 
the date of death and the date of the 
first interview, which are followed by 
the field for health status at the time of 
the first interview. The last two fields 
stand for the date of the second 
interview and health status at the time 
of the second interview. 

The fields that are required to run 
the model include the personal 
identification number, date of birth, date 
of death, date of the first interview, 
health status at the time of the first 
interview, date of the second interview, 
and health status at the time of the 
second interview. Each respondent’s age 
is calculated based on date of birth and 
the date of the first interview or date of 
death (for decedents). Because no extra 
covariates are included in the model and 
the sample weight is not used, values of 
the two additional covariates (the second 
and third fields in the input data) and 
the sample weight (the fourth field) are 
recoded as ‘‘1.’’ 
001 2 . 3 
2 . 3 

001 1 29NOV2002 2 
001 2 04MAR2002 3 
001 1 20OCT2002 2 
001 1 20SEP2002 2 
001 1 . . 
001 2 11SEP2002 1 
001 1 14MAR2002 3 
001 1 . . 
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The Parameter File 
Format 

IMaCh is designed to run using 
information on two files that need to be 
included in one of the subdirectories 
that are already created for the purpose. 
The first is a data file and the second is 
a parameter file. The data file includes 
the formatted IMaCh input data shown 
in Figure II in a text format. The 
parameter file shown in Figure III 
contains information that enables IMaCh 
to relate the specification of the model 
and the location of the input data file. 

The parameter file includes the title, 
which in this case is ‘‘MLE,’’ or 
maximum likelihood estimates. This is 
followed by the name of the 
subdirectory where the input data reside. 
Note that the subdirectory name ends 
with the dataset name. This is followed 
by ‘‘lastobs,’’ or last observation, which 
indicates the total number of records in 
the input data (2,444). The word 
‘‘firstpass’’ stands for the first interview, 
and ‘‘lastpass’’ stands for the last 
interview. In this example, ‘‘lastpass’’ 
# title=Expected years with and without activity limitations
lastpass=2 
ftol=1.000000e-008 stepm=24 ncovcol=2 nlstate=2 ndeath
model=. 
#Parameters 
12 0.000 0.000 
13 0.000 0.000 
21 0.000 0.000 
23 0.000 0.000 
#scales 
12 0.000 0.000 
13 0.000 0.000 
21 0.000 0.000 
23 0.000 0.000 
#covariance 
121 0.000 
122 0.000 0.000 
131 0.000 0.000 0.000 
132 0.000 0.000 0.000 
211 0.000 0.000 0.000 
212 0.000 0.000 0.000 
231 0.000 0.000 0.000 
232 0.000 0.000 0.000 

# agemin=minimum age, agemax=maximum age for life e
agemin=70 agemax=95 bage=65 fage=95 

NOTE: lastobs is last observation or record, firstpass is first wave, 
interval, ncovcol is number of covariate columns, nlstate is number
maximum number of waves, and mle is maximum likelihood estima

Figure III. Illustrative example of the parameter
equals 2. But, ‘‘lastpass’’ will equal 3 if 
the data used were from three 
interviews, 4 if the data used were from 
four interviews, and so on. The term 
‘‘stepm’’ stands for the length of the 
interval used to calculate the transition 
probabilities and is measured in months. 
The program calculates transition 
probabilities by intervals as short as a 
month and also by intervals longer than 
a year. 

The number of covariate columns is 
indicated by ‘‘ncovcol’’ and equals 2. 
The term ‘‘nlstate’’ stands for the 
number of health states that are 
transients and equals 2, and ‘‘ndeath’’ 
stands for the number of absorbing 
states and equals 1. The maximum 
number of waves is indicated by 
‘‘maxwav’’ and equals 2. The term 
‘‘mle’’ stands for maximum likelihood 
estimates, and its value equals 1 to 
indicate that maximum likelihood is 
used in the process of calculating health 
expectancies. 

When the sample weights are not 
included in the analysis, then weight is 
assigned a value of 0 (but 1 in the data 
file). The value of weight equals 1 when 
the sample weights are included in the 
analysis of the data. If none of the 
covariates in fields two and three are 
 datafile=. . . \dataname.txt lastobs=2444 firstpass=1 

=1 maxwav=2 mle=1 weight=0 

0.000 
0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 

xpectancy, bage=beginning age, fage=final age. 

lastpass is last wave, stepm is number of months in each 
 of health states, ndeath is number of death sates, maxwav is 
tes. 

 file 
included in the analysis, then ‘‘model’’ 
equals dot. If a covariate in field two of 
the input data is included, then ‘‘model’’ 
equals ‘‘V1.’’ If the covariate in field 
three is included instead of the covariate 
in field two, then ‘‘model’’ equals 
‘‘V2.’’ When covariates in fields two 
and three are both included, then 
‘‘model’’ equals ‘‘V1+V2.’’ The model 
indicator is followed by the parameters, 
gradient, and covariance matrices. The 
two terms ‘‘agemin’’ and ‘‘agemax’’ 
stand for the calculation of the period 
prevalence. The minimum and 
maximum ages for the calculation of 
health expectancies are denoted by 
‘‘bage’’ (beginning age) and ‘‘fage’’ 
(final age). 
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